The aim of this study was to investigate the cost-effectiveness of statin use by newly hospitalised patients with acute myocardial infarction (AMI) in Finland. The data were from the PERFECT database of patients hospitalised for AMI and discharged in 1998-2012 in Finland. Selected patients had first-time AMI and had not used statins earlier (N=60 404). We generated a matched data set from statin non-users for statin users based on propensity matching analysis (N=28 412), which was also used. Statin use was defined as statins purchased within the first week after hospital discharge. Healthcare costs included costs of inpatient and outpatient hospital care, costs of nursing homes and costs of prescribed medicines (at 2011 prices). The follow-up time was one year. Logit and generalised linear models were used. We measured the effects of statin use as life years (LYs) gained and computed costs per LY gained. Both data were analysed for the entire period and for subperiods
Introduction
Cardiovascular diseases (CVD) are the leading cause of death worldwide. While coronary heart disease (CHD) is the most frequent cause of death in middle-aged and older adults in most industrialised countries, acute myocardial infarction (hereafter AMI) is the main cause of mortality among coronary heart disease patients (OECD, 2015b; Sans et al., 1997; WHO, 2002) . Around 1.7 million patients (about 200 per 100 000 population) were discharged from hospitals with AMI as the main diagnosis in OECD countries in 2007 (OECD, 2010 , and the average length of stay for AMI patients in the OECD countries in 2013 was 6.8 days (OECD, 2015b) . These facts indicate that treating AMI uses a lot of resources in healthcare systems.
AMI caused some 18.3-56.9 deaths per 100 000 population in the EU15 in 2013 (OECD, 2015b) , 1 while the AMI 30-day case fatality rate varied from 7.1 to 19.1%, regardless of where fatalities occurred (OECD, 2015a) . There is sound evidence from randomised clinical trials (RCTs) that the mortality of AMI patients can be reduced with appropriate treatment (Afilalo et al., 2008; Roberts et al., 2007) . To guide the use of these treatments and prevent subsequent cardiovascular events in patients discharged after AMI, national and international guidelines have been published (Jones et al., 2013; Niemelä et al., 2014; Steg et al., 2012; Tierala et al., 2011) .
The evaluation of treatments in health care has increasingly focused on effectiveness and service costs (i.e. the cost-effectiveness of treatments). There is clear RCT-based evidence that lipid-lowering therapy reduces the risk of recurrent CHD and improves survival in patients after infarction (LaRosa et al., 1999) . The results of economic modelling from meta-analyses of RCTs show that statin therapy in secondary prevention of CHDs is likely to be considered cost-effective (Franco et al., 2005; Ward et al., 2007) . Recently, several studies have assessed the individual contribution of treatment technologies in reducing mortality (case-fatality) among AMI patients (Capewell et al., 1999; Laatikainen et al., 2005) . In these studies, using mainly meta-analyses of published RCT studies, the authors had determined the absolute mortality benefit of each technology used as a risk factor reduction indicator.
Ideally, measurement of effectiveness and cost-effectiveness would be based on RCTs. However, the use of RCTs for evaluating the effects of health care interventions on health benefits and on costs involves a range of challenges. First, such studies are expensive, difficult and sometimes unethical. Second, since RCTs are conducted under 'laboratory conditions', they do not reveal the true effectiveness but only the efficacy of services. Third, RCTs on health care interventions are often undertaken for a particular target population using strict inclusion criteria, so it is difficult to generalise the results beyond the trial settings. Moreover, most of studies investigating the effects of statin treatment are funded by the pharmaceutical industry (Franco et al., 2005) . The type of research financing might affect whether study results are able to remain objective or unbiased. For example, Catalá-López and his colleagues (2013) found that studies funded by the pharmaceutical industry generally favour the cost-effectiveness profile of their products. Cutler and McClellan (2001) argued that new technologies can affect the medical system through the treatment substitution effect (i.e. they substitute for old technologies) or through the treatment expansion effect (i.e. they lead more people to be treated for disease). The expansion effect is considered a key factor in the failures and benefits of technological innovation, since expanding treatment to more people is beneficial only when treatment is effective (Cutler and McClellan, 2001 ). There have been numerous studies from various perspectives in Finland exploring the use of statins and the effects of statin treatment among different patient groups, while extensive public debate about the benefits and disadvantages of statin use has been ongoing (Aarnio et al., 2014; Aarnio et al., 2015; Haukka et al., 2012; Huupponen et al., 2012; Ruokoniemi et al., 2011) . Statins were rather expensive when introduced in the mid-1980s in Finland but are quite cheap now (Martikainen, 2012; Nguyen et al., 2016) . Statin use after AMI has been found to improve survival among AMI patients, suggesting that as a low-cost treatment it can be highly effective, thus justifying an expansion of statin treatment to more people (Ward et al., 2007) . Moreover, the use of noninvasive treatments innovated by new technology, such as aspirin, ACE inhibitors and beta blockers, can also reduce the additional benefit of expensive treatments with old technology (e.g. invasive operations (Stukel et al., 2005) ), which may have brought about a reduction in healthcare costs for patients. We further argue that 'low-tech' statin treatment can both reduce healthcare resources and improve survival among AMI patients.
In evaluating the overall effectiveness and costs of medical technologies, one possibility that saves time and is less expensive than an RCT would be to use real-world observational data. There is a need to analyse longer periods of time in many cases because RCTs often have a relatively short follow-up. Observational data are considered appropriate alternative to explore the real-world effectiveness of interventions involving a long period of time (Malminvaara, 2016) . Using available observational data, we are not able to incorporate the aspect of quality of life into the study, but we can still appraise the impact of low-tech statin treatment on mortality or longer life and determine the value of the output from the healthcare sector. The aim of this study was to evaluate the effects of statin treatment on two outcomes, mortality and use of healthcare resources, in a one-year followup after discharge from a hospital among AMI patents, using administrative register-based data that stretch from cohort year 1998 to 2012 and cover all new AMI patients in Finland. We further investigated the cost-effectiveness of statin use among these patients during the specified period when statin use became more common and rapidly increased in Finland.
Data and variables

Primary and matched study data
Both our study data were from the PERFECT AMI comparison database, which has been constructed by linking the Finnish Hospital Discharge Register with other official registers (Appendix A) . This database included patients aged 40-84 hospitalised for AMI who were discharged from any Finnish hospital with a main discharge diagnosis of I21 or I22 according to the International Classification of Diseases, Tenth revision (ICD-10). To ensure greater comparability, the database excluded patients if (i) they had been hospitalised for AMI during the previous year (i.e. 365 days), or (ii) their length of stay during the first hospital episode was longer than 90 days, or (iii) they had been in long-term care before the index hospitalization.
The PERFECT AMI comparison database included a total of 117 541 AMI hospital discharges that occurred during the period 1998-2012. Of these patients, 85.2% were discharged from a hospital within 90 days after the beginning of the first AMI care episode (N=100 018). This patient population became the base data (N=93 123) after applying our criteria for choosing study patients: they had to be alive at home at least seven days (one week) after discharge without returning to hospital care during this period. After this, we selected those who had had AMI for the first time and had not used statins before AMI, and we then followed them for one year (365 days). Thus, to get the primary data (N=60 404), in total 48.6% were excluded from the PERFECT AMI comparison data (Figure 1 ). Patients are not typically randomly selected for comparative groups when using observational data in a non-experimental research design to assess the effects of interventions, measures or clinical practices. Sample selection bias may bring about incorrect conclusions, though it could be reduced by using matching econometrics. The basic idea of the matching method is to replace randomisation and to establish experimental conditions in the context of an observational study by finding untreated individuals (controls) that are similar to treated individuals (cases) in terms of their matching variables. Hence, to reduce selection-related bias and to better adjust for confounders, we also employed another data set in the analysis. Based on the primary data (N=60 404), we matched statin users with statin non-users to obtain the matched data (N=28 412), using matching techniques based on propensity score analyses (e.g. Guo and Fraser, 2014; Rosenbaum and Rubin, 1983) .
Use of statins, i.e. the treatment variable, was binary and was defined as statins purchased within the first seven days after discharge according to medical purchasing information linked to the Social Insurance Institution (SII) register in Finland. The probabilities of treatment (i.e. the use of statins during the first seven days following discharge) were predicted by propensity scores. We first performed 14 propensity score analyses by year to obtain 14 matched samples, and then we pooled these samples to get the matched data for the study period 1998-2011 (N=28 412, aged 40-84) . The propensity scores were computed by 14 logistic regressions, each included in the model 46 matching variables (male gender, seven age groups, 20 hospital regions, 14 comorbidities, total number of care days during the year prior to the follow-up, use of invasive revascularization PERFECT AMI comparison database 117 541
Patients discharged within 90 days after the beginning of the first AMI care episode 100 118
Patients at home at least the first week following hospital discharge Base data 93 123
Patients had experienced their first AMI and had not used statins prior to AMI Primary study data 60 404 (a one-year follow up)
Patients not discharged within 90 days after the beginning of the first AMI care episode 17 423
Patients dead (N=281) or returned to hospital care within the first 7 days following discharge (N=6714) 6995
Matched study data 28 412 (a one-year follow up)
Patients not matched based on the method of matching 31 992
Patients had AMI more than once and/or used statins prior to AMI 32 719
procedures such as a coronary artery bypass grafting (CABG) and a percutaneous coronary intervention (PCI), use of ACE inhibitors, and use of beta blockers) (Appendix B).
To match treated patients with untreated patients, we used the nearest neighbour method without replacement in descending order and on the common support with a calliper of 0.004. Overall, a calliper can have a maximum width of 0.20 standard deviations of the logit of the estimated score (Cochran and Rubin, 1973) . Since a narrow calliper can improve the performance of propensity score matching by greatly reducing bias and giving closer matches (Lunt, 2014) , we chose a tighter calliper than the recommended calliper. The calliper of 0.004 was chosen after many tests for differences in the means of the matching covariates included in the logistic regressions.
2 The degree to which the matching had generated the matched data that balanced the measured covariates between treated and untreated patients was assessed using χ 2 -tests and paired t-tests. Because propensity scores are also balancing scores, the distribution of observed baseline covariates between treated and untreated patients are similar, which was also found from our matched data (Appendix C).
2.1
Dependent and explanatory variables Two main health outcomes that were explored before the cost-effectiveness of statin use was realised were all-cause mortality and healthcare costs during a one-year follow-up after hospital discharge. Healthcare costs included the costs of hospital care (inpatient and outpatient care of hospitals as well as nursing homes) and the costs of prescribed medicines covered by the SII. The costs of hospital care in the PERFECT database are calculated according to diagnosis-related groups (DRGs) based on available cost information and the per diem rate for each treatment case (Peltola et al., 2011) . Healthcare costs were deflated to 2011 values using Statistics Finland's public expenditure price index (the part covering municipal health care) (Statistics Finland, 2016b) . We defined a statin user (a statin nonuser) as a patient who had purchased (did not purchase) statins within the first week after discharge, which was recorded by the medical purchasing register of the SII.
With the exception of time (described below), 48 covariates were used in the models. They were statin use, male gender, seven 5-year interval age groups, 14 comorbidities (see Peltola et al., 2011, Table 4) , 20 hospital regions, use of invasive revascularization procedures during the first hospital episode (a coronary artery bypass grafting (CABG) and a percutaneous coronary intervention (PCI)), use of medicines (ACE inhibitors and beta blockers) during the first week after hospital discharge or during the year prior to the followup, and use of healthcare services (the number of care days during the year prior to the follow-up and the length of hospital stay before hospital discharge) (Appendix C). 'Chronic coronary heart disease' was excluded because almost every treated patient had the disease. The first two youngest groups aged 40-44 and 45-49 were combined, since their annual proportions in the study data were small.
There have been large differences in physicians' practices, the use of effective treatments, and the supply of revascularisation procedures between regions in treating AMI over the study period in Finland . These regional factors can influence the association between utilisation and/or costs of hospital care and the survival of patients. The effects of the regional factors were accounted for by 21 dummy variables describing hospital regions responsible for providing hospital care services in Finland. Descriptive statistics of variables used in the study by study data and patient groups are introduced in Appendix C.
Analytical methods
Models
According to the primary data, the proportions of patients having bought statins within the first week after discharge gradually increased from 1998 to 2011: 25-40.3% (under 50%) from 1998-2001, 51.7-74.6% from 2002-2007, and 79.8-85 .1% (80% at the minimum) from 2008-2011 (Figure 2 ). Due to the rather long study period and the increased proportions of statin users over the study period, both primary and matched data were analysed for these subperiods in addition to the entire period. As AMI patients' one-year mortality was specified as binary, we used the logit model to explain mortality risk. To estimate healthcare costs incurred during the one-year follow-up period, we applied the generalised linear model (GLM) with a log-link and the gamma distribution (Hardin et al., 2007) . In addition, as another approach, to evaluate the association between the use of statins and one-year mortality, we performed Cox regression analyses (Cox, 1972) . In the Cox regression model, one-year mortality was defined and computed as the number of days within which a patient succumbed after hospital discharge.
Since our main interest was the effect of statins purchased in the first week after hospital discharge on the outcome variables, below we only report the estimation results of statin use, such as the marginal effects of statin use on mortality and healthcare costs from the estimated models. An estimated marginal effect of statin use (a binary explanatory variable) on mortality (a binary dependent variable) from the logit model measured a discrete change in mortality, i.e. how many percentage points the predicted probabilities of mortality changed as the variable for statin use changed from 0 (a statin non-user) to 1 (a statin user). The marginal effect of statin use on healthcare cost (a continuous variable) described how much the predicted healthcare cost changed when the variable for statin use changed from 0 to 1.
Cost-effectiveness analysis of statin use
In assessing the cost-effectiveness of statin use, the mortality risk and healthcare costs estimated for statin users were compared to mortality risk and healthcare costs for statin non-users. We made use of the estimated marginal effects of statin use on mortality from the logit models of mortality and the estimated healthcare costs from the GLMs of healthcare costs. Information on life expectancy of the general population at birth for each year from 1998 to 2012 by age and gender was collected from Statistics Finland (2016a). This cost-effectiveness analysis was not conducted from the societal perspective (Gold et al., 1996) because we took into account only the health services sector (hospital care and prescribed medicines). The effect of statin use on mortality, i.e. the health benefit associated with statin use, was measured as the number of life years (LYs) that would have been saved if the mortality risk would be reduced according to the estimated marginal effects of statin use on mortality for the entire period and the three subperiods as well.
We defined gender-standardised life expectancy of an average AMI patient by 10-year interval age groups (overall and also for the entire period and the subperiods). Based on these figures and on the estimated marginal effects of statin use on one-year mortality, we computed additional LYs due to avoided deaths by gender and age group. Total LYs gained were obtained by weighting gender and age groups according to their proportions in each data set. After this, additional LYs per average AMI patient and weighted healthcare costs of an additional LY were obtained for the entire period and subperiods. The costeffectiveness ratio in this study was defined as healthcare costs incurred for an additional LY, which could be specified as ) ) (
, where 1=with statin use and 0=without statin use, HC=healthcare costs, and LE=life expectancy. We computed the LYs gained per average AMI patient and healthcare costs per LY gained without using any discount rates and also with a 3% discount rate.
Results
3.1
Statin use and mortality The estimation results from the logit models indicate that the use of statins was negatively associated with the one-year mortality of AMI patients for all analysed periods (Table 1) . Based on computed marginal effects, according to the primary data statin users (those who purchased statins within the first week following discharge) had a mortality risk on average 2.7-3.1 percentage points less than the statin non-users (those who did not purchase statins within the first week following hospital discharge but did so later); the corresponding risk figures for the matched data were 1.5-3.6 percentage points (Table 1) . For the entire period 1998-2011, the computed marginal effects of statin use on mortality were -0.031 from the primary data and -0.024 from the matched data (Table 1) . Using these two marginal effects to measure the impact of statin treatment on AMI patients, i.e. the number needed to treat (NNT), we could say that to prevent 10 deaths among AMI patients, it would be necessary to get 330-420 AMI patients-those who did not buy statins during the first week following hospital discharge but did so later-to buy statins immediately within one week of hospital discharge. The estimated Cox regression models produced results that were quite similar to those from the estimated logit models, indicating that the use of statins was statistically associated with improved survival of AMI patients in the one-year follow-up. The estimated hazard ratios are not reported here, though they can be requested from the authors.
3.2
Statin use and healthcare costs Concerning the entire period, a statin user had on average EUR 916 (at 2011 prices) more healthcare costs than a statin non-user from the primary data, while the corresponding cost from the matched data was EUR 309, which was, however, not statistically significant (Table 1 ). There were increases in healthcare costs, about EUR 2800-3000 per average statin user in the first period (1998) (1999) (2000) (2001) . In fact, statin use brought about decreases in healthcare costs, about EUR 1800-2400 per average statin user in the last period (2008) (2009) (2010) (2011) . However, in the middle period (2002) (2003) (2004) (2005) (2006) (2007) , the increase in healthcare costs (EUR 744 per average statin user) and the decrease in costs (EUR 578 per average statin user) were not statistically significant (Table 1) .
3.3
Cost-effectiveness of statin use Without using discount rates, the number of additional LYs for an average AMI patient varied between 0.26 and 0.51 by time periods, while with a 3% discount rate it would vary in a narrower range, between 0.20 and 0.40 (Table 2 ). For the entire time period, an average AMI patient would gain 0.37-0.42 years more (without a discount rate) and 0.28-0.33 years more (with a 3% discount rate), depending on the study data. Overall, the estimated healthcare costs per LY gained ranged between EUR 840 and EUR 15 000 (Table 2) . For the entire period, the costs of an additional LY per patient ranged between EUR 840 and EUR 2800. Depending on the discount rates and data sets, the costs per additional LY were highest in the first period (1998) (1999) (2000) (2001) , about EUR 6600-15 000, while they were indeed negative in the last period (2008) (2009) (2010) (2011) , at about EUR -4800 and EUR -6300. The latter negative figures in fact suggest cost savings to the health services sector. The costs of an additional LY computed using the primary data for the middle period 2002-2007 were around EUR 1800-2300 and thus quite similar to the costs computed for the entire period using the primary data (Table 2) .
Conclusions and discussion
The results from this study suggest that statin use was clearly associated with lowered oneyear mortality. The use of statins only marginally increased the use of healthcare resources. The cost estimates of statin use substantially decreased after the first period (1998) (1999) (2000) (2001) and were actually savings (i.e. negative costs) in the third period (2008) (2009) (2010) (2011) . Our cost estimates of an additional LY per average AMI patient ranged from EUR 840 to EUR 15 000 (at 2011 prices). Indeed, the cost-effectiveness ratios of statin use for the last period (2008-2011) (using both of the study data) and for the middle period (2002) (2003) (2004) (2005) (2006) (2007) ) (using the matched data) were negative, meaning cost savings from the treatment of AMI.
In economic evaluations of health interventions, QALYs (quality-adjusted life years), DALYs (disability-adjusted life years) and LYs gained are common outcome measures. In essence, DALY measures health loss in the quality of life, and QALY measures health gain in the same quality of life. Both of these measures involve trade-offs between quantity and quality of health in order to incorporate mortality and morbidity into single numerical units, while LY gained measures mortality taking into account remaining life expectancy (Drummond et al., 2005; Robberstad 2009 ). It was argued that quality adjustment of life years would not considerably change the estimated level of costeffectiveness and thus would not make much difference for priority setting; in most cases, rather than costs per QALY, costs per LY can be used (Chapman et al., 2004) . We might also argue that our crude estimates of population health (the estimated costs per LY gained due to deaths averted) are adequate to suggest priority setting and to allocate healthcare resources for treating AMI with statins if they are considered to be cheap and effective.
In the UK, the NICE cost-effectiveness threshold has typically been between GBP 20 000 and GBP 30 000 per QALY gained (NICE, 2004) , while a central or 'best' threshold estimate of GBP 12 936 per QALY measuring its marginal cost (at 2008 expenditure and according to 2008-2010 mortality) has been recently introduced (Claxton et al., 2015) . A threshold of EUR 80 000 per QALY was generally proposed in the Netherlands (Cleemput et al., 2011) , and that of DKK 88 000 per QALY as defined for Denmark (Gyrd-Hansen, 2003) . In Sweden, a value of SEK 500 000 per QALY was regarded as a reasonable level in debate (Johannesson, 2001) and was recommended by the National Board of Health and Welfare (Socialstyrelsen, 2007) , while a value of SEK 655 000 was suggested as the reference threshold for the healthcare sector in the short term (Persson and Hjelmgren, 2003) . Estimates for thresholds per QALY from a recent study were JPY 5 million for Japan, GBP 23 000 for the UK, AU$ 64 000 for Australia, and US$ 62 000 for the US (Shiroiwa et al., 2010) . In Finland, no willingness-to-pay threshold has been defined that would be considered when assessing the cost-effectiveness of treatments, although in research a threshold of EUR 20 000 per QALY has been used (Aarnio et al., 2015) and the value of EUR 30 000 as the maximum threshold per QALY (Soini et al., 2015) .
The meta-analysis of RCT studies in the UK indicated that in the secondary prevention of coronary diseases, the estimated cost per QALY would range between GBP 10 000 and GBP 17 000 for patients aged 45-85 (Ward et al., 2007) . Regarding these cost figures and the fact that our AMI patients aged 40-84 were of similar ages, only the estimated costs per LY gained for the first period (1998) (1999) (2000) (2001) using the matched data were close to the boundary values, while the other estimated costs per LY gained were actually smaller than the lower limit value of the cost interval above. If only using the NICE costeffectiveness threshold (NICE, 2004) and the cost estimates per QALY from Wald and colleagues (2007) as well as arguing that LYs gained in our study are an adequate outcome measure, the cost range EUR 840-8400 per additional LY implies acceptable use of National Health Service resources for treating AMI in Finland. Being close to the cost range GBP 10 000-17 000 estimated by Ward and colleagues (2007) , our larger cost range of EUR 12 000-15 000 from using the matched data could be acceptable by the arguments introduced above. Furthermore, this estimated cost range suggests that our matching analysis was reliable because we obtained good matched study data, by which we obtained cost estimates that were similar to those obtained from the meta-analysis of the RCT studies (Ward et al., 2007) .
We did not compute confidence intervals for our estimated cost-effectiveness ratios (see the last two columns in Table 2 ). In fact, the healthcare cost estimates, with their 95% confidence intervals, were obtained from the estimated models (Table 1 ); but we were not able to obtain 95% confidence intervals or statistically significant levels for the number of LYs gained per person (i.e. the denominator of the cost-effectiveness ratio). Empirical research has referred to four methods developed from RCTs: the box method, the Taylor series method, the non-parametric bootstrap, and the Fieller theorem method (see e.g. Polsky et al., 1997) . However, by nature the confidence intervals of the number of LYs gained could not be computed since we utilised information on life expectancy for the general population provided by Statistics Finland.
The rate of statin use among the study patients increased from 25% in 1998 to 80% in 2008 and was about 85% in 2011 (Figure 2 ). Taking into account those who had used statins before AMI, the rate of statin use after AMI was 90-92% in 2008 90-92% in -2013 90-92% in (Nguyen et al., 2016 . Over the study period, the costs of statins used in outpatient care had decreased due to the introduction of generic substitution in 2003, a reduction in wholesale prices, and the introduction of the reference price system in 2009 (Martikainen, 2012; Nguyen et al., 2016) . Treatment recommendations (e.g. that patients with myocardial infarction and unstable angina pectoris should use statins) (Tierala et al., 2011; Niemelä et al., 2014) had also affected statin usage. In line with the objective of improved population health and a general view of equality, with the expansion of statin use socioeconomic differences in the use of statins among different patient groups have also narrowed over time (Häkkinen 2013) . Considering these facts, we think that the cost estimates per LY gained for the last period 2008-2011 (by both study data) presenting cost savings could be considered as the most presentative for the present time. Therefore, the result for the last period would be the most relevant for priority setting today, while the cost estimates per LY gained in the first period (1998) (1999) (2000) (2001) representing cost increases would not be adequate.
Our computed healthcare costs per LY gained could be overestimated due to the methods used. Applying the method that Statistics Finland has used (Nieminen, 2005) and using the oldest age group 80-84 years of the oldest cohort 1998 in our primary data, we found that life expectancy of AMI patients aged 80-84 years was about 5.05 years, while that of the same age group in the general population was 6.71 years. The oldest cohort and the oldest age patient group in the primary data were used because 97% of this oldest age group in the primary data had died by 31.12.2014. Thus, knowing their actual life expectancy, we were able to compute the exact number of years that they lived. While the younger cohorts could have better survival than the older cohorts due to improved quality of care over time, the younger cohorts' and also younger patients' medical profiles may also be different from those of older cohorts and those of older or ageing patients. Estimated life expectancies of AMI patients may also influence evidence-based treatment for AMI (Ko et al., 2014) . Our rather long study period, 1998-2011, suggests that patients who survived in the first week after hospital discharge in the last period (2008) (2009) (2010) (2011) may have very different characteristics than those corresponding patients in the middle period (2002) (2003) (2004) (2005) (2006) (2007) or in the first period (1998) (1999) (2000) (2001) . Thus, our cost estimate range of a LY gained could be regarded as much larger than the cost range that could have accounted for the greater severity of illness and lower life expectancies of AMI patients who survived.
We should also point here to other potential limitations in the present study. First, this study is based on observable data from administrative registers. We were not able to control for all potential factors, even though we used two large data sets, with a substantial number of patient-level and region-level covariates and comorbidities in the analysis, accounting for case-mix severity and analysing both of the data sets by subperiods. Second, since our register-based data did not include any information on patients' socioeconomic status and lifestyles that could be positively associated with patients' decisions to buy statins or to seek hospital care, we were not able to further control the effects of statin use on survival and hospital care.
Irrespective of the limitations mentioned, this study still has several strengths. To our knowledge, this is the first study to have assessed the cost-effectiveness of statin treatment for AMI in secondary prevention using large-scale patient-level data from the real world. We were able to obtain relevant and justifiable estimates on the relationship between statin use and the outcomes, using not only primary register-based data but also the data generated by matching econometrics. Our estimated healthcare costs per LY gained suggest that statin use in treating AMI is very cost-effective, providing real-life evidence of the costeffectiveness of statin treatment as a cheap but efficient medical intervention. Our rather long study period may suggest that the cost estimates per LY gained, especially those for the first period, could be overestimated, as the life expectancy of AMI patients is likely shorter than that of the general population. However, the cost results for the last period presenting cost savings would be the most relevant for priority setting at the present time. 
